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DISCLAIMER 
 
 This report was prepared as an account of work sponsored by an agency of the United 
States Government. Neither the United States Government, nor any agency thereof, nor any of 
their employees makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the United 
States Government or any agency thereof. 
 
 
EERC DISCLAIMER 
 
 LEGAL NOTICE. This research report was prepared by the Energy & Environmental 
Research Center (EERC), an agency of the University of North Dakota, as an account of work 
sponsored by the U.S. Department of Energy. Because of the research nature of the work 
performed, neither the EERC nor any of its employees makes any warranty, express or implied, 
or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of 
any information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, process, or 
service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or 
imply its endorsement or recommendation by the EERC. 
 
 



 

 

MERCURY AND AIR TOXIC ELEMENT IMPACTS OF COAL COMBUSTION BY-
PRODUCT DISPOSAL AND UTILIZATION 

 
 
ABSTRACT 
 
 A large quantity of laboratory data was generated to supplement the current project data 
set. Two major activities included the generation of numerous mercury thermal desorption 
curves and a microbiological release experiment using three coal combustion by-products. In 
addition, analyses for pH, moisture content, and loss on ignition are presented along with results 
from synthetic groundwater leaching procedure and 30- and 60-day long-term leaching leachates. 
Data from the long-term ambient-temperature mercury release experiment are also presented. 
Analysis of ambient air mercury field samples is provided. Data generated during this quarter are 
under review. 
 
 The following technology transfer activities were completed this quarter:  
 

• The U.S. Department of Energy National Energy Technology Laboratory Year 3 
continuation application was submitted. 

 
• The report entitled “Leaching Characteristics of Fly Ash–Activated Carbon from 

Mercury Control Technologies” was published. 
 

• A draft task report was prepared on sample identification and selection. 
 

• New documents were added to the Mercury and Air Toxic Element document database. 
 

• Three abstracts were accepted to the PITTCON® 2005 conference. 
 

• Ms. Pflughoeft-Hassett chaired a session and presented a paper at the Western Fuels 
Symposium. 

 
• Ms. Pflughoeft-Hassett and Mr. Hassett prepared a report for the Canadian Electricity 

Association entitled “Rerelease of Mercury from Coal Combustion By-Products”. 
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MERCURY AND AIR TOXIC ELEMENT IMPACTS OF COAL COMBUSTION BY-
PRODUCT DISPOSAL AND UTILIZATION 

 
 
EXECUTIVE SUMMARY 
 
 A large quantity of laboratory data was generated to supplement the current project data 
set. Two major activities included the generation of mercury thermal desorption curves on 
46 samples and a microbiological release experiment using three coal combustion by-products. 
In addition, analyses for pH, moisture content, and loss on ignition (LOI) are presented along 
with results from synthetic groundwater leaching procedure and 30- and 60-day long-term 
leaching leachates. The second sample set for the long-term ambient-temperature mercury 
release experiment was started and data are presented. Analysis of ambient air mercury field 
samples is provided. Data generated during this quarter are under review. 
 
 Results from laboratory experiments conducted this quarter were consistent with the 
existing project data set. The moisture content for 36 samples ranged from 0.05% to 65.7%, and 
LOI values ranged from 0.34% to 34.5%. Leachate ranges for the elements were <2.0–840 ppb 
arsenic, <0.2–8.3 ppb cadmium, <2.0–680 ppb chromium, <2.0–3.6 ppb lead, <0.01–0.043 ppb 
mercury, <2.0–32 ppb nickel, and <2.0–8600 ppb selenium. Thermal desorption curves 
generated this quarter will be interpreted once replicates on more samples are completed. Under 
the microbiological release task, evaluations included pH, Eh, elemental and organomercury 
vapor releases, and solution organomercury and total trace element concentration. The ambient 
air mercury field values were low. 
 
 The following technology transfer activities were completed this quarter:  
 

• The U.S. Department of Energy National Energy Technology Laboratory Year 3 
continuation application was submitted. 

 
• The report entitled “Leaching Characteristics of Fly Ash–Activated Carbon from 

Mercury Control Technologies” was published in December 2004. 
 

• A draft task report was prepared on sample identification and selection for the North 
Dakota Industrial Commission. The report will be distributed to all project sponsors 
next quarter. 

 
• New documents were added to the Mercury and Air Toxic Element document database. 

 
• Three abstracts were accepted to the PITTCON® 2005 conference. 

 
• Ms. Pflughoeft-Hassett chaired a session and presented a paper entitled “Mercury, Coal 

Combustion By-Products, and the Potential for Rerelease” at the Western Fuels 
Symposium. 
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• Ms. Pflughoeft-Hassett and Mr. Hassett prepared a report for the Canadian Electricity 
Association entitled “Rerelease of Mercury from Coal Combustion By-Products” 
(Appendix A). 
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MERCURY AND AIR TOXIC ELEMENT IMPACTS OF COAL COMBUSTION BY-
PRODUCT DISPOSAL AND UTILIZATION 

 
 
INTRODUCTION 
 
 This effort is focused on the evaluation of coal combustion by-products (CCBs) for their 
potential to release mercury and other air toxic elements under different controlled laboratory 
conditions and will investigate the release of these same air toxic elements in select disposal and 
utilization field settings to understand the impact of various emission control technologies. 
Information will be collected, evaluated, and interpreted together with past Energy & 
Environmental Research Center (EERC) data and similar data from other studies. Results will be 
used to determine if mercury release from CCBs, both as currently produced and as produced 
with mercury and other emission controls in place, will potentially impact CCB management 
practices. The project will provide data on the environmental acceptability of CCBs expected to 
be produced in systems with emission controls for typical disposal and utilization scenarios. The 
project will develop baseline information on release mechanisms of select elements in both 
conventional and modified or experimental CCBs. The modified or experimental CCBs will 
represent those from systems that have improved emission controls. Controlling these emissions 
has a high potential to change the chemical characteristics and environmental performance of 
CCBs. Development of reliable methods to determine the release of mercury from CCBs will 
provide a means of evaluating the environmental risk associated with CCB management 
practices. Using appropriate methods to develop data about currently produced CCBs and those 
produced under experimental or simulated conditions will provide a baseline for the CCB 
industry to understand the impact of various emission control technologies. 
 
 
EXPERIMENTAL  
 

Literature Search 
 
 Researchers continued to collect publications related to mercury, air toxic elements, and 
CCBs. Citations and abstracts were assembled and added to the Mercury and Air Toxic Element 
document database located at www.undeerc.org/carrc/mercury. This database is password-
protected and only available to project researchers and sponsors. 
 

Analytical Methods Selection 
 
 The sample chosen by EERC researchers for inclusion in the U.S. Department of Energy 
(DOE) National Energy Technology Laboratory (NETL) informal interlaboratory round-robin 
experiment on leaching procedures was sent to other participants. Leaching of this sample and 
the sample received from NETL was initiated. 
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Sample Identification and Selection 
 
 Sample prioritization, identification, and selection continued by making requests for 
samples from project sponsors, DOE NETL contractors involved in mercury emission testing, 
and EERC research staff. A critical review of the sample set was made, and preparation of a draft 
report on this task was initiated.  
 

Chemical and Physical Characterization 
 
 One sample was analyzed for total mercury content. Distilled water pH values of numerous 
CCBs were determined. Moisture content and loss on ignition (LOI) were determined on several 
samples. 
 

Laboratory Evaluation of Air Toxic Element Release 
 

Leaching 
 
 Leaching was completed on a select number of samples using synthetic groundwater 
leaching procedure (SGLP) and 30- and 60-day long-term leaching (LTL). Results were received 
for SGLP and LTL leachates and blanks.  
 

Vapor Transport 
 
 The second batch of long-term ambient-temperature mercury release experiments was 
initiated. This sample set consists of seven CCB samples and a blank, which were added in 
duplicate to the blanked bottles (see Table 1). These samples represent standard fly ash with high 
mercury content and fly ash from mercury emission control tests, with Samples 04-035 and 04-
036 representing a baseline condition and mercury emission control condition at the same power 
plant. Ground quartz, fired to remove mercury, was placed in two containers to assess blank 
measurements. The release of mercury was evaluated after a 7-day period. Mercury release 
collection for the first 90-day period began. The third sample set blanking process was initiated. 
 
 

Table 1. Samples Included in Second Long-Term Ambient-Temperature Experiment 
ID No. Sample Type Mercury Control 
Blank Ground quartz  
03-082 FGD1 filtercake  
04-006 Fly ash  
04-007 Fly ash  
04-035 Fly ash  
04-036 Fly ash 2 
04-054 Fly ash  
04-067 Fly ash  
1 Flue gas desulfurization. 
2 A checkmark indicates it has mercury control. 
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 Mercury thermal desorption curves were generated for numerous samples. Additional 
elevated temperature release experiments were also performed on five CCB samples spiked with 
mercury. The experimental design focused on the use of analytical spikes using mercuric 
chloride and elemental mercury. The base samples for spike additions were CCB samples, quartz 
sand, or quartz powder. The CCB base samples were fly ash, and three of the samples contained 
activated carbon from mercury emission control demonstrations. Mercuric chloride was 
dissolved in ether and then added to the base samples. Elemental mercury was added in a 
gaseous form to CCB samples. 
 

Microbiological Release 
 
 The microbiological release subtask focused on improving the protocol developed for these 
experiments and performing analytical procedures following the new protocol. Three samples, 
see Table 2, were evaluated in aerobic and anaerobic glucose-fed conditions in triplicate using 
the new method. Sample 03-082 was a moist FGD sample, whereas the other two samples and all 
previous samples were dry. A 20-g sample, 150 mL buffer solution, a sample-dependent amount 
of sulfuric acid, and a 100-µL aliquot of a sulfate-reducing bacteria culture were used for 
evaluation. The bacteria were added 4 days after the addition of the buffer and acid to allow the 
systems to neutralize. The system was stirred intermittently over the duration of the experiment. 
Vapor-phase organomercury released from the system was captured in tubes containing Supelco 
Carbotrap™, and elemental mercury releases were captured on gold-coated quartz traps. 
 
 

Table 2. Samples Included in New Method of Microbiological Release Experiment 
ID No. Sample Type Mercury Control 10% Sulfuric Acid Added, mL 
03-079 Fly ash  18 
03-082 FGD filtercake  1.6 
04-043 Fly ash  7.4 

 
 
 Upon completion of the experiment, evaluations included pH, Eh, elemental and 
organomercury vapor releases, and solution organomercury and total trace element 
concentration. Additional evaluations will include a bacterial count, solution elemental 
concentrations, solid elemental concentrations, and particle-size distribution. 
 
 Vapor-phase elemental and organomercury releases were determined using atomic 
fluorescence (AF). The gold-coated quartz collection traps were desorbed for analysis by heating 
to approximately 500°C, and the mass of mercury released was determined using AF. The 
Supelco Carbotrap™ collection traps were analyzed for total mercury by heating the trap to 
approximately 300°C, passing the released organomercury through a tube held at about 800°C, 
and collecting the mercury on a gold-coated quartz trap, which was analyzed as described above. 
 
 Solid-phase microextraction (SPME) was used to determine organomercury compounds in 
the liquid remaining in the flasks after the experimental collection period. The method was 
changed slightly from the method reported two quarters ago. 5 mL of the liquid plus an aliquot of 
ethylmercuric chloride as an internal standard was placed into a 15-mL septum-capped non-
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actinic vial containing a Teflon-coated stir bar. 500 µL of a pH 4.5 acetate buffer was added, 
followed by 200 µL of a 1% solution of sodium tetrapropylborate. SPME sampling was 
accomplished using a 100-µm polydimethylsiloxane-coated fiber and sampler from Supelco. The 
headspace was sampled for 20 min, after which the SPME fiber was directly introduced into the 
gas chromatograph (GC). The samples were then analyzed for mercury species by GC with AF 
detection as described in the April 1 – June 30, 2004, quarterly report. 
 

Field Investigation 
 
 Laboratory analysis continued at the EERC on field samples obtained as described below. 
The EERC conducted a series of testing at the same locations as the University of Nevada – 
Reno (UNR) team. EERC sampling focused on measuring mercury concentrations near the 
substrate surface. Elemental mercury concentrations were measured using gold-coated quartz 
sand traps, and organomercury concentrations were measured using tubes containing Supelco 
Carbotrap™. Gold-coated quartz sand traps were utilized to determine total mercury 
concentrations, and tubes containing Supelco Carbotrap™ were utilized to determine 
organomercury concentrations in the ambient air at the sample site. At each location, at least two 
organomercury and four elemental mercury samples were taken. To obtain the samples, ambient 
air was pulled initially through a 0.3-µm HEPA filter to eliminate particulate matter, 
approximately 1 ft of silicone tubing, and finally through the appropriate traps connected with a 
small piece of silicone tubing to an A.P. Buck Inc. air pump. Ambient air was sampled at 4.0 L 
per min for approximately 30 min to obtain a total volume of about 120 L. Elemental and 
organomercury samples were taken simultaneously by connecting the two traps with a small 
piece of silicone tubing. The air being sampled flowed through the organomercury trap first, then 
through the elemental mercury trap. Then an additional two total mercury samples were obtained 
by excluding the tube containing Supelco Carbotrap™. Field blanks were handled and analyzed 
identically to field samples but were not used to sample ambient air at the site locations and were 
stored in their original sample containers. All elemental and organomercury sample traps were 
stored in cleaned glass bottles lined with gold-plated copper screens and capped with Teflon-
lined caps until they could be analyzed in the controlled setting of the laboratory. The gold-
coated quartz and Carbotrap™ tubes were analyzed as described in the microbiological release 
experimental section.  
 
 Six sampling locations on various CCB disposal sites near the power plant were selected 
with input from the power plant environmental manager. A natural grassland several miles 
upwind of the generation facility served as an undisturbed background site. 
 
 A report was received detailing the field work performed by UNR and the results obtained 
from this work. 
 

Data Reduction and Interpretation 
 
 Data assembly continued as laboratory results became available during the quarter. More 
detailed information was assembled on sampling locations for fly ash samples collected at field 
demonstrations of mercury emission control tests. Preliminary correlations between key bulk 
characterization data and total and leachable mercury were performed. 
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Technology Transfer 
 
 Three abstracts, “A Method for Determining Microbiologically Mediated Release of 
Elemental and Organomercury Compounds from CCBs Using SPME, Gas Chromatography, and 
Atomic Fluorescence,” “Long-Term Storage of Air-Sampled Mercury on Gold-Coated Quartz 
Tubes,” and “Real-Time Thermal Devolatilization of Mercury and Mercury Compounds from 
CCBs Detected with Atomic Absorption Spectrometry,” were accepted to PITTCON® 2005, 
February 27–March 4, 2005, in Orlando, Florida. 
 
 The DOE NETL Year 3 Continuation Application was submitted. 
 
 The project team worked with Cinergy representatives on a presentation of project data for 
state environmental agencies. The resulting final report entitled “Leaching Characteristics of Fly 
Ash–Activated Carbon from Mercury Control Technologies” was published December 2004. 
 
 Ms. Debra Pflughoeft-Hassett chaired the Fuel By-Products Utilization session at the 
Western Fuels Symposium in Billings, Montana, on October 14–16, 2004. Ms. Pflughoeft-
Hassett also presented “Mercury, Coal Combustion By-Products, and the Potential for 
Rerelease.” 
 
 Ms. Pflughoeft-Hassett and Mr. Hassett prepared a report for the Canadian Electricity 
Association entitled “Rerelease of Mercury from Coal Combustion By-Products” (Appendix A). 
 
 
RESULTS AND DISCUSSION 
 

Literature Search 
 
 This quarter, nine documents were added to the Mercury and Air Toxic Element database, 
which now contains 415 documents.  
 

Analytical Methods Selection 
 
 As part of the analytical methods selection task for this project, the EERC is participating 
in an interlaboratory comparison of leaching methods. The EERC has selected the SGLP and 
LTL for use for the majority of samples in this project, and the rationale for this decision will be 
included in a topical report on this task. However, the comparative leaching task was initiated 
this quarter by setting up several LTL tests for the methods being compared. Results will be 
assembled in the next two quarters. 
 
 The development phases for the methods for ambient-temperature vapor-phase mercury 
releases and microbiologically mediated mercury releases were completed. The ambient-
temperature vapor-phase release method requires a blanking period for the sample containers 
after which dry samples are introduced. Mercury-free air is then passed through the sample, and 
analytical collection traps are used to collect the mercury exiting the sample container over an 
extended period of time, usually ~180 days. The method for the quantitation of the mercury on 
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the collection traps requires desorption of the mercury and quantitation by AF. Similarly, the 
microbiologically mediated release experimental setup requires the blanking of the sample 
containers. It also requires sample preparation on alkaline samples to buffer the samples to a pH 
range of 7–8 under which the microbes are expected to mediate the release of mercury. After 
blanking and buffering, the microbes are added under either aerobic or anaerobic conditions. The 
experiments are stirred intermittently over 3 weeks. Vapor-phase mercury releases are collected 
using a dual trapping system for total and organomercury as previously described. In addition to 
the vapor-phase releases, the liquid and solid sample are separated at the conclusion of the 
experiment, and a microbiologically mediated mercury leachate concentration is determined. 
 

Sample Identification and Selection 
 
 A fly ash sample from mercury control technology testing and two FGD samples were 
obtained for evaluation in this project. A draft task report was prepared. 
 

Chemical and Physical Characterization 
 
 A total mercury concentration of 0.64 µg/g was determined for Sample 04-067, a fly ash 
sample from mercury control testing.  
 
 Table 3 shows the pH values for one soil and eight CCB samples obtained using distilled 
water. 
 
 

Table 3. CCB and Soil pH Values 
ID No. Sample Type Mercury Control pH 
02-076 Fly ash 1 9.93 
04-037 Fly ash  11.80 
04-039 Fly ash  11.32 
04-040 Fly ash  9.58 
04-042 Fly ash  11.77 
04-044 Fly ash  11.52 
04-050 Soil  8.08 
04-054 Fly ash  6.40 
04-067 Fly ash  12.80 
1 A checkmark indicates it has mercury control. 

 
 
 Table 4 shows the moisture content and LOI for 36 samples analyzed this quarter. The 
moisture content ranged from 0.05% to 65.7%, and all high-moisture samples were from the 
FGD process. LOI values ranged from 0.34% to 34.5%. 
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Table 4. Moisture Content and LOI, % 
ID No. Sample Type Mercury Control Moisture Content LOI 
02-006 Fly ash 1 1.07 3.88 
02-073 Fly ash  0.14 5.00 
03-006 Fly ash  0.18 5.28 
03-011 Fly ash  0.69 10.5 
03-012 Fly ash  0.40 12.8 
03-013 Fly ash  0.42 10.9 
03-014 Fly ash  0.29 10.9 
03-016 Fly ash  0.05 0.34 
03-019 Fly ash  0.61 4.21 
03-062 Fly ash + FGD  0.10 1.29 
03-063 Fly ash  0.06 0.47 
03-065 Gypsum  25.7 1.22 
03-067 FGD slurry  65.7 6.38 
03-074 Dust collector ash  1.31 34.5 
03-075 Fly ash  1.63 15.4 
03-076 Fly ash  1.37 21.5 
03-079 Fly ash  0.28 2.54 
03-080 Fly ash  0.45 7.48 
03-081 Fly ash  0.68 1.15 
03-082 FGD filtercake  40.0 4.20 
03-083 Fly ash  0.15 1.20 
03-084 Fixated scrubber sludge  26.6 3.17 
03-085 Fly ash  0.16 2.10 
03-086 FGD filtercake  43.3 5.87 
03-088 Fly ash  0.17 1.07 
03-089 FGD  21.6 1.94 
04-003 Fly ash  0.24 8.44 
04-004 Fly ash  0.11 1.38 
04-006 Fly ash  0.17 1.42 
04-029 Fly ash  0.14 0.48 
04-030 Fly ash  0.14 0.70 
04-034 Fly ash  0.26 29.3 
04-036 Fly ash  0.07 2.16 
04-054 Fly ash  0.60 18.6 
04-067 Fly ash  0.06 2.11 
99-188 Fly ash + FGD  1.18 2.07 
1 A checkmark indicates it has mercury control. 

 
 

Laboratory Evaluation of Air Toxic Element Release 
 

Leaching 
 
 Results were received for SGLP and 30- and 60-day LTL leachates and blanks. The results 
of all leaching tests are shown in Table 5.  
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Table 5. Mercury and Trace Element Leachate Concentrations, µg/L 
ID No. Test Sample Type Mercury Control As Cd Cr Pb Hg Ni Se pH 
03-060 30 LTL Fly ash 1 <2.0 <0.2 6.3 3.0 <0.01 4.5 8.5 12.46 
03-061 30 LTL Fly ash  <2.0 <0.2 3.0 3.6 <0.01 4.1 9.8 12.63 
03-065 60 LTL FGD gypsum  <2.0 <0.2 <2.0 <2.0 <0.01 10 2.7 7.99 
03-082 30 LTL FGD filtercake  NA NA NA NA <0.01 NA NA 7.69 
03-082 30 LTL FGD filtercake  3.5 0.83 <2.0 <2.0 <0.01 32 55.2 7.69 
03-082 60 LTL FGD filtercake  <2.0 0.47 <2.0 <2.0 <0.01 25 45 7.57 
03-084 30 LTL Fixated scrubber sludge  NA NA NA NA <0.01 NA NA 11.87 
03-084 30 LTL Fixated scrubber sludge  5.2 0.66 3.1 <2.0 <0.01 4.0 2.4 11.87 
03-084 60 LTL Fixated scrubber sludge  <2.0 0.48 2.4 <2.0 <0.01 3.5 2.0 11.94 
03-084 60 LTL Fixated scrubber sludge  <2.0 0.50 2.5 <2.0 <0.01 3.7 <2.0 11.94 
03-087 30 LTL Fixated scrubber sludge  24 0.3 2.2 <2.0 <0.01 <2.0 3.4 11.31 
03-087 60 LTL Fixated scrubber sludge  19 0.37 3.3 <2.0 <0.01 2.1 <2.0 11.50 
03-088 30 LTL Fly ash  23 7.6 160 <2.0 <0.01 5.4 16 11.21 
03-088 60 LTL Fly ash  23 8.3 180 <2.0 <0.01 5.6 19 11.03 
03-089 60 LTL FGD  <2.0 <0.2 <2.0 <2.0 <0.01 13 8.2 7.85 
04-007 30 LTL Fly ash  <2.0 <0.2 7.3 2.2 0.035 11 27 12.54 
04-007 60 LTL Fly ash  <2.0 <0.2 6.7 <2.0 <0.01 10 17 12.52 
04-029 30 LTL Fly ash  <2.0 <0.2 5.1 <2.0 <0.01 4.0 <2.0 12.36 
04-029 60 LTL Fly ash  <2.0 <0.2 2.3 <2.0 <0.01 4.8 <2.0 12.45 
04-030 30 LTL Fly ash  8.1 1.9 640 <2.0 <0.01 5.6 53 11.78 
04-030 60 LTL Fly ash  11 2.4 670 <2.0 <0.01 3.3 63 11.64 
04-031 30 LTL Fly ash  9.6 2.0 650 <2.0 <0.01 4.4 54 11.82 
04-031 60 LTL Fly ash  12 2.3 680 <2.0 0.028 2.9 60 11.71 
04-033 30 LTL Fly ash  10 2.0 580 <2.0 <0.01 5.8 65 11.55 
04-033 60 LTL Fly ash  10 2.5 620 <2.0 <0.01 4.7 71 11.43 
04-035 30 LTL Fly ash  <2.0 <0.2 <2.0 <2.0 0.020 9.6 <2.0 12.65 
04-035 60 LTL Fly ash  <2.0 <0.2 2.1 <2.0 <0.01 6.2 <2.0 12.54 
04-036 30 LTL Fly ash  <2.0 <0.2 <2.0 <2.0 <0.01 8.2 <2.0 12.61 
04-036 60 LTL Fly ash  <2.0 <0.2 2.1 <2.0 <0.01 5.4 <2.0 12.59 
04-054 SGLP Fly ash  840 1.9 17 <2.0 <0.01 5.6 8600 NA 
99-188 SGLP Fly ash + FGD  3.5 0.37 120 <2.0 <0.01 27 65.8 12.14 
99-188 30 LTL Fly ash + FGD  2.6 0.58 220 <2.0 <0.01 <2.0 53.5 11.41 
99-188 60 LTL Fly ash + FGD  2.2 0.59 220 <2.0 0.043 <2.0 53.1 11.43 
Blank Blank   <2.0 <0.2 <2.0 <2.0 <0.01 2.2 <2.0 5.71 
Blank Blank   <2.0 <0.2 <2.0 <2.0 <0.01 <2.0 <2.0 5.40 
Container Blank Blank   <2.0 <0.2 <2.0 <2.0 <0.01 <2.0 <2.0 6.94 
1 A checkmark indicates it has mercury control. 
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 The results presented are from one SGLP, four 30-day LTL, and one 60-day LTL 
experiments with a replicate for the 60-day LTL. A distilled water blank was analyzed for 
arsenic, cadmium, chromium, lead, nickel, and selenium. Mercury leachate values are shown for 
two SGLP, 14 30-day LTL, and 14 60-LTL samples, plus two 30-day LTL and one 60-day LTL 
(in replicate). Two blanks—a distilled water blank and a container blank—were also analyzed. 
Table 5 includes both data assembled in this quarter as well as data assembled in previous 
quarters to provide a complete data set for each sample evaluated. 
 

Vapor Transport 
 
 Results of the first 7 days of release in the long-term ambient-temperature mercury release 
experiment are shown in Table 6.  
 
 

Table 6. Ambient-Temperature Mercury Release in Initial 7-Day Period, pg/g/day
ID No. Sample Type Mercury Control Bottle 1 Bottle 2 
Blank Fired quartz sand  0.00204 0 
03-082 FGD filtercake  0.274 0.00683 
04-006 Fly ash  0 0 
04-007 Fly ash  0.00046 0 
04-035 Fly ash  0 0 
04-036 Fly ash 1 0.00042 0 
04-054 Fly ash  0.00077 0.00120 
04-067 Fly ash  0 0 
1 A checkmark indicates it has mercury control. 

 
 
 Mercury thermal desorption curves were generated for the 46 samples listed in Table 7. 
Replicate runs were performed on a few of the samples. Replicate runs will be interpreted when 
replicates on more samples have been completed. 
 
 The addition of mercuric chloride or elemental mercury to select CCBs resulted in a shift 
of the mercury release peak(s) noted previously from the samples without any added mercury. 
The peak temperatures measured for spiked CCB samples shifted to higher temperatures for 
some samples and to lower temperatures for other samples. In one case, the release of mercuric 
chloride occurred at 260°C, but in all other cases, the release of mercury from mercury spiking 
was above 300°C or 400°C. These data are under continued review, and additional experiments 
may be performed in Year 3. 
 

Microbiological Release 
 
 In this experiment, 3 weeks elapsed before the addition of the buffer solution; therefore, 
the gold-coated quartz traps were analyzed to determine the amount of elemental mercury 
released from the samples in the interim period (see Table 8). Sample and blank flasks generally 
released similar low quantities of mercury, but sample 03-082 under aerobic conditions released 
significantly more elemental mercury than the other samples. It should be noted that this was a  
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Table 7. CCB Samples Tested for Mercury Thermal Desorption 

ID No. Sample Type 
Mercury 
Control # Runs ID No. Sample Type 

Mercury 
Control # Runs 

02-004 Fly ash 1 1 03-077 Fly ash  1 
02-076 Fly ash  1 03-078 Fly ash  2 
03-004 Fly ash  1 03-079 Fly ash  1 
03-005 Fly ash  2 03-080 Fly ash  1 
03-006 Fly ash  1 03-081 Fly ash  1 
03-007 Fly ash  3 03-083 Fly ash  1 
03-008 Fly ash  1 03-084 Fixated scrubber sludge  1 
03-011 Fly ash  1 03-085 Fly ash  1 
03-012 Fly ash  3 03-088 Fly ash  4 
03-013 Fly ash  1 03-089 FGD  1 
03-014 Fly ash  1 04-003 Fly ash  3 
03-016 Fly ash  1 04-004 Fly ash  1 
03-017 Fly ash  1 04-006 Fly ash  1 
03-018 Fly ash  2 04-007 Fly ash  1 
03-019 Fly ash  1 04-029 Fly ash  1 
03-060 Fly ash  1 04-030 Fly ash  1 
03-061 Fly ash  1 04-031 Fly ash  2 
03-062 Fly ash + FGD  1 04-032 Fly ash  1 
03-063 Fly ash  1 04-033 Fly ash  1 
03-065 Gypsum  1 04-035 Fly ash  1 
03-074 Dust collector ash  1 04-036 Fly ash  1 
03-075 Fly ash  1 04-054 Fly ash  1 
03-076 Fly ash  1 99-188 Fly ash + FGD  3 
1 A checkmark indicates it has mercury control. 
 
 

Table 8. Initial Elemental Mercury Release, pg/g 
ID No. Condition Elemental Mercury ID No. Condition Elemental Mercury 
03-079 Anaerobic 1.1 03-079 Aerobic 1.5 
03-079 Anaerobic 0.9 03-079 Aerobic 1.3 
03-079 Anaerobic 0.8 03-079 Aerobic 0.4 
03-082 Anaerobic 5.5 03-082 Aerobic 193 
03-082 Anaerobic 0.7 03-082 Aerobic 195 
03-082 Anaerobic 3.7 03-082 Aerobic 207 
04-043 Anaerobic 1.0 04-043 Aerobic 0.7 
04-043 Anaerobic 0.5 04-043 Aerobic 0.7 
04-043 Anaerobic 0.8 04-043 Aerobic 1.2 

 
 
wet FGD sample that contained a significant population of sulfate-reducing bacteria. The gold-
coated quartz traps were then replaced on the flasks for collection of elemental mercury over the 
duration of the experiment. 
 
 After only 3 days of having bacteria present, Sample 03-082 under anaerobic conditions 
exhibited noticeable changes. The CCB changed from a cream to a gray color, and a hydrogen 
sulfide smell was emitting from the flasks. The gas from these flasks was directed to flasks 
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containing zinc acetate to capture the hydrogen sulfide being produced. Fifteen days after the 
addition of bacteria, crystal-like formations were noted on the liquid surface layer from 
Sample 04-043, two flasks under anaerobic and one under aerobic conditions. 
 
 Upon completion of the experiment, evaluations included pH, Eh, elemental and 
organomercury vapor releases, and solution organomercury and total trace element 
concentrations. Results obtained this quarter are shown in Tables 9–12. 
 
 A description of the contents of each sample flask upon completion of the experiment is 
included in Table 9. After the liquid was filtered from the solid, the pH and Eh values were 
determined. For Samples 03-079 and 03-082, the pH was higher under anaerobic conditions than 
aerobic; the opposite was true for Sample 04-043. A greater amount of mold noted in the 
Sample 04-043 aerobic flasks yielded a higher pH.  
 
 Vapor-phase mercury release results from the three samples evaluated under the new 
method are shown in Table 10, reported as pg mercury per g CCB. In some instances, the results 
were highly variable for the replicate flasks. The highest release of both elemental and 
organomercury was from Sample 03-082 under aerobic conditions. Analysis of the gold-coated 
quartz traps from Sample 03-082 under anaerobic conditions resulted in a white, sulfur-smelling 
deposit on the gold trap. Analyzing the tubes containing Supelco Carbotrap™ from Sample 03-
082 aerobic condition caused a sulfur smell to be released with no deposit formed. Analyzing the 
tubes containing Supelco Carbotrap™ from Sample 03-082 anaerobic condition resulted in a 
noticeable sulfur-smelling smoke to be released and a subsequent formation of a white to yellow 
colored deposit on both the Carbotrap™ and pyrolysis tubes. The amount of vapor-phase 
elemental mercury released coincided with the amount of mold present in the Sample 04-043 
aerobic flasks at the completion of the experiment.  
 
 Table 11 shows the highly variable results of the SPME analyses. 
 
 Total leachable trace element concentrations from the filtered liquids are shown in 
Table 12. 
 
 Results of the microbiologically mediated release experiments are under continuing 
review. 
 

Field Investigation 
 
 Results of air analyses obtained by the EERC are given in Table 13, which shows average 
mercury concentrations for both elemental and organomercury in ng/m3. The elemental 
concentrations represent an average of four samples, and the organomercury concentrations 
represent an average of two samples. All values are corrected for field blanks.  
 
 The measured mercury values were very low and comparable to the natural grassland, 
which served as an undisturbed background site. The highest elemental mercury concentrations 
were measured at a landfill containing FGD scrubber material and mill rejects. Mill rejects are 
sometimes erroneously referred to as “pyrites” because they usually contain high percentages of  
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Table 9. Results Including Eh, pH, and Sample Description 
ID No. Condition Eh, mV pH Sample Description ID No. Condition Eh, mV pH Sample Description 
03-079 Anaerobic 164 8.23 Black layer on top of clear 

liquid; liquid bubbles; brown 
ash 

03-079 Aerobic 374 8.09 Very slightly brown liquid; black and 
brown coatings on flask; dark brown 
ash 

03-079 Anaerobic 179 8.30 Black layer on top of clear 
liquid; liquid bubbles; brown 
ash 

03-079 Aerobic 314 8.02 Film on top of liquid; very slightly 
brown liquid; black and brown 
coatings on flask; dark brown ash 

03-079 Anaerobic 189 8.45 Black layer on top of clear 
liquid; liquid bubbles; brown 
ash 

03-079 Aerobic 354 7.97 Two spots of mold; film on top of 
liquid; very slightly brown liquid; 
black and brown coatings on flask; 
dark brown ash 

03-082 Anaerobic !176 8.39 Gray liquid and ash; H2S 
smell; crusted bubbles on top 
of liquid—round on top and 
broken on bottom 

*03-082     

03-082 Anaerobic !161 8.55 Gray liquid and ash; H2S 
smell; slightly crusted 
bubbles on top of liquid 

03-082 Aerobic 39 7.89 Slightly gray liquid with gold crust 
on top; smelled like baby formula; 
gray ash 

03-082 Anaerobic !146 8.51 Gray liquid and ash; H2S 
smell; slimy on top of liquid 

03-082 Aerobic 44 7.92 Slightly yellow liquid; smelled like 
baby formula; gray ash 

04-043 Anaerobic 164 6.85 Some carbon particles on top 
of clear liquid; no noticeable 
smell; grayish-brown ash 

04-043 Aerobic 354 7.61 Layer of mold on top of slightly gray 
liquid confirmed by smell; grayish-
brown ash 

04-043 Anaerobic 154 6.95 Some carbon particles on top 
of clear liquid; no noticeable 
smell; grayish-brown ash 

04-043 Aerobic 279 7.15 No mold smell; grayish liquid; 
carbon granules on top of liquid; 
grayish-brown ash 

04-043 Anaerobic 149 6.81 Some carbon particles on top 
of clear liquid; no noticeable 
smell; grayish-brown ash 

04-043 Aerobic 134 7.36 Patch of mold on top of gray liquid; 
grayish-brown ash 

* One flask broke; therefore, only two samples were evaluated. 
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Table 10. Vapor-Phase Mercury Release Results 

ID No. Condition 
Elemental Mercury, 

pg/g Organomercury, pg/g ID No. Condition 
Elemental Mercury, 

pg/g Organomercury, pg/g
03-079 Anaerobic 4.1 5.7 03-079 Aerobic 14.7 9.1 
03-079 Anaerobic 2.8 5.0 03-079 Aerobic 11.3 30.8 
03-079 Anaerobic 5.3 6.7 03-079 Aerobic 19.8 2.5 
03-082 Anaerobic 12.7 41.3 *03-082    
03-082 Anaerobic 0.7 2.6 03-082 Aerobic 486 90.0 
03-082 Anaerobic 1.5 102 03-082 Aerobic 648 110 
04-043 Anaerobic 1.3 1.1 04-043 Aerobic 46.5 4.5 
04-043 Anaerobic 2.2 0.6 04-043 Aerobic 4.0 1.4 
04-043 Anaerobic 1.9 1.0 04-043 Aerobic 9.1 1.3 
* One flask broke; therefore, only two samples were evaluated. 
 
 
Table 11. Solution Organomercury Results 

ID No. Condition 
Methylmercury 

Measured, pg/mL 
Methylmercury 
Released, pg/g ID No. Condition 

Methylmercury 
Measured, pg/mL 

Methylmercury 
Released, pg/g 

03-079 Anaerobic 13 98 03-079 Aerobic 32 240 
03-079 Anaerobic 15 113 03-079 Aerobic 7 53 
03-079 Anaerobic <5 <38 03-079 Aerobic 12 90 
03-082 Anaerobic * * **03-082    
03-082 Anaerobic 250 1875 03-082 Aerobic 18 135 
03-082 Anaerobic * * 03-082 Aerobic 99 743 
04-043 Anaerobic 31 233 04-043 Aerobic <5 <38 
04-043 Anaerobic 19 143 04-043 Aerobic 65 488 
04-043 Anaerobic 18 135 04-043 Aerobic 13 98 
*   Samples precipitated colloidal sulfur on standing and were not analyzed. 
** One flask broke; therefore, only two samples were evaluated.  
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Table 12. Leached Total Trace Element Results, µg/L 
ID No. Condition As Cd Cr Pb Hg Ni Se ID No. Condition As Cd Cr Pb Hg Ni Se 
03-079 Anaerobic 99 15 10 <2.0 0.15 350 200 03-079 Aerobic 76 16 2.0 <2.0 <0.01 24 48 
03-079 Anaerobic 95 15 9.6 <2.0 <0.01 330 200 03-079 Aerobic 49 17 <2.0 <2.0 0.095 36 37 
03-079 Anaerobic 87 16 8.8 <2.0 <0.01 320 190 03-079 Aerobic 56 17 2.0 <2.0 <0.01 27 14 
03-082 Anaerobic 12 <0.2 7.7 <2.0 * 25 16 **03-082         
03-082 Anaerobic 14 <0.2 20 <2.0 * 25 9.9 03-082 Aerobic 17 <0.2 37 <2.0 0.024 33 17 
03-082 Anaerobic 11 <0.2 6.8 <2.0 * 27 8.5 03-082 Aerobic 28 <0.2 11 <2.0 0.070 31 20 
04-043 Anaerobic 12 5.5 8.0 <2.0 <0.01 260 79 04-043 Aerobic 140 5.9 7.1 <2.0 0.020 140 190 
04-043 Anaerobic 11 5.2 7.8 <2.0 <0.01 250 79 04-043 Aerobic 90 4.2 3.8 <2.0 4.9 130 170 
04-043 Anaerobic 11 4.7 7.7 <2.0 <0.01 250 78 04-043 Aerobic 71 3.4 3.8 <2.0 0.013 100 210 
*   Samples precipitated colloidal sulfur on standing and were not analyzed. 
** One flask broke; therefore, only two samples were evaluated. 
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Table 13. Average Ambient Mercury Concentrations and Standard Deviation, ng/m3 (field 
blanks were subtracted) 

Substrate Type Sample Location 
Elemental 
Mercury n Organomercury n 

Fly Ash Section 26 1.021 ± 0.238 4 0.052 ± 0.038 2 
FGD + Pyrite Section 32—10 acres 1.459 ± 0.995 4 0.006 ± 0.002 2 
Reclaimed Fly Ash  
   (vegetated) 

Section 32—original 
14 acres 0.616 ± 0.277 4 0.019 ± 0.026 2 

FGD Scrubber Sludge  
   (wet disposal) 

Ash Pond 91 0.954 ± 0.413 4 0.045 ± 0.042 2 

FGD + Bottom Ash/ 
   Pyrites (wet disposal) 

Ash Pond 92 0.541 ± 0.193 4 0.023 ± 0.011 2 

FGD + Fly Ash  
   (stabilized) 

SE Section 16 0.849 ± 0.378 4 0.354 ± 0.476 2 

Natural Grassland 5 miles NW of plant 0.640 ± 0.270 4 0.017 ± 0.004 2 
 
 
pyrite, which is an iron sulfide mineral. Pyrite could be a source of mercury because of 
mercury’s affinity for sulfide compounds. The highest organomercury concentrations were 
measured at a landfill containing a mixture of FGD material and fly ash; however, the standard 
deviation and comparative inconsistency with the other data indicate that these measurements 
may not be reliable. The measured organomercury concentrations, however, were all 
exceptionally low. The site with the highest measured elemental mercury concentration yielded 
the lowest measured organomercury concentration. Data interpretation continues. 
 
 The field report received from UNR is under review. 
 

Data Reduction and Interpretation 
 
 There are no results to report this quarter.  
 
 
PLANS FOR NEXT QUARTER 
 
 During the next quarter, laboratory activities will continue. Characterization of samples 
will continue with moisture, LOI, total mercury, and confirmation of carbon forms. Laboratory 
experiments will also include the leaching for the DOE NETL informal interlaboratory 
comparison on leaching procedures, standard leaching on new samples as received, ambient-
temperature vapor-phase release experiments, and microbiologically mediated mercury release 
experiments. Analytical activities on samples generated from the release experiments will 
continue as samples are generated.  
 
 Review of the UNR field investigation report will continue, and EERC and UNR 
researchers expect to collaborate to evaluate and interpret the EERC and UNR field data.  
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 In preparation for the Year 2 project meeting, data interpretation will be a key focus for the 
upcoming quarter. The topical report on sample identification and collection will be completed 
and submitted to project sponsors. Preliminary plans will be made for potential field evaluations 
for Year 3 of the project, and preparations for the project annual meeting will be made. 
Technology transfer activities will include presentation of the methods development work for 
this project at PITTCON® 2005, February 27–March 4, 2005, in Orlando, Florida, and 
participation in a meeting being organized by the Indiana Department of Environmental 
Management. 
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EXECUTIVE SUMMARY 
 
 The topic for this fourth quarterly report is Rerelease of Mercury from Coal Combustion 
By-Products (CCBs). The stability of mercury associated with CCBs is an issue that has only 
recently been under investigation, but it has become a more significant issue as the utility 
industry begins to develop, test and, eventually, install mercury emission controls that may 
increase the mercury associated with CCBs. The reasons for evaluating the rerelease of mercury 
from CCBs are 1) to determine the stability of mercury captured on CCBs and 2) to aid utilities 
in determining and understanding changes in CCBs associated with mercury control and 
associated CCB management. 
 
 Mercury can be present in quantifiable levels in CCBs, and the mechanisms that allow 
mercury to be removed with CCBs have become the focus for many developing mercury control 
technologies. Mercury is most likely to be found in fly ash and flue gas desulfurization (FGD) 
materials and not in bottom ash and boiler slag because of the relatively high temperatures at 
which bottom ash and boiler slag are formed and removed from coal combustion systems. As a 
result of improved mercury removal, especially through particulate control devices and FGD 
systems, increased mercury concentrations are likely to be observed in respective CCBs. 
 
 Potential rerelease mechanisms for mercury from CCBs are identified as 1) direct 
leachability, 2) vapor-phase release at ambient and elevated temperatures, and 3) biologically 
induced leachability and vapor-phase release.  
 
 Currently, the incorporation of sorbents into the fly ash stream, resulting from injection of 
sorbent into the flue gas, poses the highest potential impact on CCBs. At this time, the most 
likely sorbent candidate is activated carbon. The second most likely impact to CCBs from 
mercury control technologies is in the area of FGD materials, especially in materials generated 
from wet FGD systems. 
 
 Existing data indicate that the mercury content of fly ash and FGD materials collected 
during tests of mercury control technologies can be significantly increased over the mercury 
content currently being generated without mercury emission controls in place. Since many 
mercury control systems currently under development are using carbon sorbents to remove 
mercury from the flue gas, it is important to note that the unburned carbon associated with some 
currently generated fly ash has similar sorbent properties as activated carbon used for mercury 
removal. Both samples of fly ash with unburned carbon and fly ash with activated carbon sorbent 
have shown good performance in evaluations of mercury stability.  
 
 The data assembled and summarized here indicate that mercury associated with CCBs is 
stable and highly unlikely to be released under most management conditions, including 
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utilization and disposal. Therefore, existing CCB management options are expected to be 
environmentally sound options for CCBs from systems with mercury control technologies 
installed. 
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QUARTER 4 – RERELEASE OF MERCURY FROM COAL COMBUSTION 
BY-PRODUCTS  

 
 
INTRODUCTION 
 
 The Canadian Electricity Association (CEA) identified a need and contracted the 
Energy & Environmental Research Center (EERC) to create and maintain an information 
clearinghouse on global research and development activities related to mercury emissions from 
coal-fired electric utilities. With the support of the CEA, the Center for Air Toxic Metals® 
(CATM®) Affiliates, the U.S. Department of Energy (DOE), and the Canadian Council of 
Ministers of the Environment (CCME), the EERC is developing comprehensive quarterly 
information updates to provide a detailed assessment of developments in mercury monitoring, 
control, policy, and related research advances.  
 
 Ongoing developments in the area of mercury regulations for coal-fired power plants in 
Canada in the form of Canadawide Standards (CWS) and the United States in the U.S. 
Environmental Protection Agency’s (EPA’s) Proposed Utility Mercury Reduction Rule illustrate 
the need for effective mercury control strategies for coal-fired electric utilities. In previous 
quarterly reports, various mercury control technologies were reviewed in detail. Additionally, a 
review of the state of technology for mercury measurement was provided in the second quarterly 
report. As more emphasis is placed on mercury removal from flue gas, increased mercury 
concentrations may be found in the various coal combustion by-products (CCBs) which are 
valuable raw materials in the concrete and wallboard industries among others. The fate of these 
by-products and the mercury contained within them is of significant interest if mercury from coal 
combustion is going to be eliminated from the global pool. It is of vital importance that mercury 
removed from coal combustion flue gas and present in CCBs is stable and not hazardous to the 
environment or human health. If mercury concentrations of these CCBs is significantly increased 
over that of currently produced CCBs, utilities, CCB users, regulators, and others may need to 
modify management options to ensure the environmentally sound management of these 
materials. Therefore, significant research has been conducted to evaluate the mechanisms by 
which mercury is associated with fly ash and scrubber effluents. A review of the fate of mercury 
in coal combustion by-products is provided in this quarterly report. 
 
 In order to adequately address the many topics pertinent to mercury research and 
development and provide the detail necessary for the various stakeholders to make informed 
decisions, selected topics will be discussed in detail in each quarterly report. Issues related to 
mercury from coal-fired utilities include the general areas of measurement, control, policy, and 
transformations. Specific topics that have been addressed in previous quarterly reports include 
the following: 
 

• Quarterly 1 – Sorbent Control Technologies for Mercury Control 
 

• Quarterly 2 – Mercury Measurement 
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• Quarterly 3 – Advanced and Developmental Mercury Control Technologies 

 
As advancements are made in these previously covered topics, updates will be provided as a 
secondary topic of the quarterly report. However, to date no significant advancements in 
technology development or measurement control have been identified. 
 
 Topics that will be addressed in upcoming quarterly reports include, but are not limited to, 
the following: 
 
 • Mercury policy – updated each quarter based on available information 
  – Upcoming events and news releases 
  – Regulation, policy, compliance strategies, and health developments 
 
 • Baseline mercury levels and emissions 
 
 • Mercury control 
  – Summary of large-scale test activities and associated economics 
  – Mercury oxidation and control for scrubbed systems 
  – Multipollutant control strategies 
  – Summary of mercury-related economics for commercial systems 
 
 • Mercury chemistry and transformations 
  – Mercury chemistry fundamentals, modeling, prediction, and speciation 
  – Mercury fate and transport – impacts on health 
 
 
MERCURY POLICY 
 
 The CCME has been in the process of developing CWS for mercury since 1998 for several 
significant mercury-emitting sectors and products. Standards have been completed for base metal 
smelters, incinerators, mercury-containing lamps, and dental amalgam wastes. A CWS for 
mercury emissions from coal-fired electric power-generating plants is currently under 
development. Canadian coal-fired generating companies have embarked on a multiyear program 
to improve the information base around mercury measurement and control that will aid in the 
development of the CWS. A key component of the CEA Mercury Program is the Coal, Residue, 
and Flue Gas Sampling and Analysis Program that companies have undertaken. This program 
has generated a rich database around mercury emission inventories and management to inform 
this decision-making process. To date, data have been collected from 16 different power plants 
operated by ATCO Power, EPCOR, Manitoba Hydro, New Brunswick Power, Nova Scotia 
Power, Ontario Power Generation, SaskPower, and TransAlta. The preliminary data can be 
accessed on the program Web site: http://www.ceamercuryprogram.ca. The data is currently 
undergoing verification and analysis by the CCME and the coal-fired generating companies to 
ensure the data set is robust for consideration in the 2005 CWS development process. 
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 Another componenet of the CEA Mercury Program is the Laboratory Round Robin, a 
review of analytical laboratories. Developed by CEA member companies and funded by CCME, 
this program consisted of a two-phased analysis and quality assurance program. Mercury 
concentrations in fuel, by-products, and stack gas samples tend to exist at very low levels; 
therefore, accurate laboratory analysis is critical to ensuring an effective mercury inventory 
program. Phase I of this program has been completed and focused on assessing participating 
laboratories by analyzing standard samples over a 6-month period. Phase II of the Laboratory 
Round Robin provided ongoing quality assurance for the data collection program and 
benchmarked several common Canadian coals for mercury and other coal-specific properties. 
Laboratories participating in the program tended to do very well. For more information regarding 
the Laboratory Round Robin, go to http://www.ceamercuryprogram.ca. 
 
 In the United States, EPA has received 586,000 comments on the Proposed Utility 
Mercury Reduction Rule after it extended the comment period to June 29, 2004. From this record 
number of comments, including 4800 unique comments, approximately 200 comments contained 
substantial content and ranged in length from five to ten pages.  
 
 In his address to the 2004 annual Air and Waste Management Mega Symposium, EPA 
Administrator Mike Leavitt stated that EPA is in the process of reviewing the comments which 
will be summarized in a comment response document in advance of the March 15 deadline for 
the final rule. Additionally, he laid out five guiding principles that EPA is using in devising the 
final mercury rule. The rule will: 
 

1) Concentrate on the protection of children and pregnant women. 
 

2) Stimulate and encourage early implementation of new technology. 
 

3) Leverage the $50 billion investment of the Clean Air Interstate Rule to reduce total 
mercury emissions. 

 
4) Take into account the need to maintain America’s competitiveness worldwide. 

 
5) Be one component of many efforts to reduce mercury emissions. 

 
 Once the EPA comment response document becomes available, a summary will be 
provided in the following quarterly report. 
 
 In Europe, the European Commission recently issued a consultation document on mercury 
which evaluated mercury emissions, production, trade, and use and reviewed the health and 
environmental impacts of mercury. The original focus of the effort was Europe’s chlor-alkali 
industry, which is the largest user of mercury in Europe; however, it is in the process of phasing 
out its use. A copy of the Commission’s document is available at the following Web site: 
http://europa.eu.int/comm/environment/chemicals/mercury/pdf/consultation.pdf. 
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 Currently, coal combustion in power plants is the largest single source of mercury 
emissions in Europe. However, the issue of mercury emissions is complicated by two opposing 
trends. In response to concerns over mercury, emission standards are tightening. However, 
unlike many other parts of the world, mercury emissions and environmental concentrations in 
Europe appear to be falling according to data collected between 1990 and 2000 and summarized 
at the aforementioned Web site. Based on this data, it is unclear what strategy the Commission 
will take regarding mercury emissions, and unlike the United States, it is not certain that Europe 
will introduce mercury controls at an early stage. 
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QUARTER 4 FOCUS: RERELEASE OF MERCURY FROM COAL COMBUSTION 
BY-PRODUCTS 
 
 Mercury and other air toxic elements can be present in fly ash, flue gas desulfurization 
(FGD) material and, to a lesser extent, bottom ash and boiler slag. The mercury that can 
associate with CCBs is a function of the mercury content of the coal used, the coal properties, 
the combustion technology, and the emission control technologies at the plant. Generally 
speaking, mercury released from the combustion of coal remains in the gaseous state until 
cooling to temperatures typical of back-end emission control equipment, at which point it either 
reacts with components of the flue gas and is removed from the system as particulate-bound 
mercury in the ash, a sulfur compound with FGD control, or is emitted out the stack.  
 
 Mercury emission control technologies are being developed to remove mercury from the 
flue gases and, in many cases, these technologies are designed to incorporate the mercury 
removed from the flue gas into the fly ash or FGD material. The stability of mercury associated 
with CCBs is an issue that has only recently come under investigation, but it has become a 
prominent question as the industry strives to develop and test mercury emission controls that 
may consequently increase the mercury associated with CCBs. The primary reason for 
evaluating the rerelease of mercury from CCBs is to aid utilities in determining and 
understanding changes in CCBs associated with mercury control and how these changes may 
impact CCB management. 
 
 The rerelease mechanisms for mercury from CCBs are 1) direct leachability and 2) vapor-
phase release at ambient and elevated temperatures. Both leachability and vapor-phase transport 
can be impacted by microbiological action on the CCBs. 
 
 
BACKGROUND 
 

Mercury and CCBs 
 
 Mercury can be present in quantifiable levels in CCBs. It is most likely to be found in fly 
ash and FGD materials and not in bottom ash and boiler slag because of the relatively high 
temperatures at which bottom ash and boiler slag are formed and removed from coal combustion 
systems. 
 
 Historically, data on mercury concentrations in fly ashes have varied widely, but 
leachability of mercury has generally fallen below detection limits (1–4). Hassett et al. (5–7) 
reported mercury concentrations ranging from <0.01 to 2.41 ppm in samples of fly ash from all 
ranks of coal from both the eastern and western United States. Consistent with what is known 
about the chemistry of mercury in combustion systems, the average mercury content of fly ash is 
higher than that for bottom ash or slag and increases with the carbon content of the ash (8, 9). 
The mercury contents of FGD scrubber materials are, in turn, higher on average than those of fly 
ash (10). Concentrations of 39 and 70 ppm were reported by DeVito and Rosenhoover (11) and 
DeVito (12) for two FGD materials. 
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 Nearly 100% of the mercury present in coal exits the boiler with the flue gas. The 
speciation of that mercury however is highly influenced by the composition of the flue gas (12). 
Data from the EPA Information Collection Request (ICR) allowed for some generalizations to be 
made regarding the potential for various CCBs to capture mercury. Hot-side electrostatic 
precipitators (ESPs) do not allow capture of mercury on the fly ash because the temperature is 
too high, but cold-side ESPs and fabric filters operate at temperatures that do allow some 
mercury to be removed from the flue gas. Fabric filters tend to remove significant percentages of 
both elemental and oxidized mercury because of the excellent gas–solids contact as the flue gas 
moves through the dust cake on the filter. Wet FGD (WFGD) systems and spray dryer absorbers 
have been shown to be effective in removing oxidized mercury from flue gas. Additional 
information on the results collected in the EPA ICR can be found in other sources (13–16). CEA 
has a program in place with eight coal-fired power generation companies in Canada designed to 
develop information associated with mercury emissions from coal-fired generation and to find 
cost-effective and efficient management options for mercury emissions (more information is 
available at the following Web site: http://www.ceamercuryprogram.ca/EN/ 
program_overview.html). The CEA program collected information on the mercury content of 
CCBs, and the data assembled are under review. 
 
 The EPA ICR data did not include information on the concentrations of mercury on the 
CCBs generated at the test facilities, so it is an inference that the noted mercury reductions 
indicate an associated mercury capture on the CCBs. It is logical to conclude that at least some 
mercury can be captured by fly ash and/or FGD material. It is known that the mercury can be 
present in the flue gas as either elemental and/or oxidized species and that both elemental and 
oxidized mercury can be sorbed on carbon. Mercury can be physically or chemically sorbed on 
carbon, so it can be assumed that unburned carbon present in fly ash can sorb mercury by either 
or both of these mechanisms. While elemental mercury can be sorbed on carbon, it is actually 
transformed to oxidized mercury (17), implying that its stability on the carbon will be similar to 
that of oxidized mercury. The mechanism of mercury capture on unburned carbon is expected to 
be equivalent to that of activated carbon introduced into the flue gas as a means of mercury 
removal and control. However, insufficient data exist to extrapolate that assumption to include 
modified activated carbons such as halogenated or sulfuric-impregnated carbon or other 
modified carbon sorbents under development. In many cases, the quantities of carbon sorbent 
needed for mercury control are not expected to be higher than the level of unburned carbon 
already found in some fly ashes. The activation of the carbon sorbent, however, is anticipated to 
be problematic for use of these fly ashes as a mineral admixture in concrete because the activated 
carbon has been shown to sorb standard air-entraining admixtures and limit the function of the 
admixture to produce an air-entrained concrete, which is needed for numerous applications.  
 
 The EPA ICR data strongly imply that certain coal fly ashes may exercise a catalytic effect 
on the oxidation of elemental mercury. Inorganic compounds such as manganese oxide, iron-
containing compounds, and chromium and nickel oxides have been shown to catalyze mercury 
oxidation (18, 19), but various tests with the addition of some of these compounds to simulated 
flue gas did not produce the anticipated oxidation of mercury (20, 21). The mechanism of 
sorption of mercury on fly ash is extremely complicated and has not yet been fully investigated.  
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Anticipated Impacts of Proposed Mercury Control Technologies on CCBs 
 
 Proposed mercury emission controls have the potential to impact fly ash and FGD 
materials because mercury is highly volatile and should leave the combustion zone in the flue 
gas. As noted in Figure 1, mercury should be volatilized and emitted fully in the vapor phase in 
combustion systems. Mercury in the vapor phase in the flue gas has the potential to be sorbed 
onto the fly ash, carbon (either unburned carbon or sorbent), other sorbents, and the FGD 
reagent, or it may be emitted. The highest potential for mercury controls to impact CCBs is 
through the use of sorbent injection technologies that will incorporate the sorbent into the fly ash 
stream. The most likely sorbent candidate is activated carbon, even though other sorbents have 
been and are being tested. Testing at four full-scale boilers that measured mercury across 
particulate control devices gives some insight to the importance of particulate control in mercury 
removal and indicates that increased carbon relates to increased mercury removal. Even though 
no sorbent injection or other add-on mercury control technology was in place during these tests, 
the unburned carbon present in the fly ash provided significant mercury removals. Mercury 
removals ranged from a low of 28% for an ESP to between 61% and 99% for units equipped 
with reverse-gas baghouses (22). The highest mercury removals were observed where there was 
a high level of unburned carbon in the fly ash (high loss on ignition [LOI]). Pilot tests reinjecting 
power plant fly ashes ahead of a reverse-gas baghouse indicated removals between 13% and 
80% at temperatures in the range of l35°–l60°C (275°–320°F), and again, removals increased 
with increased LOI. It must be noted that LOI is not equivalent to carbon content of ash.  
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Figure 1. Categorization of trace elements based on volatility. 
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 At tests performed at Wisconsin Electric’s Pleasant Prairie Power Plant, Unit 2, in 2001 
(23), activated carbon injection (ACI) resulted in mercury removals of 40%–70%, with increased 
removals correlating to increased carbon injection. The LOI of the fly ash produced without 
sorbent injection at Pleasant Prairie was approximately 0.5% but was increased to as high as 
3.5%. More noteworthy than the LOI increase was the impact of that increase on the 
performance of the fly ash–sorbent mixture in the Foam Index Test, which provides an indication 
of the appropriateness of the fly ash to be used with an air-entraining agent (AEA). The fly ash–
sorbent mixture not only failed the Foam Index Test, but the fly ash from Unit 2 continued to fail 
the test for 5 weeks after the conclusion of the sorbent injection tests. The presence of carbon in 
fly ash has been reported to impact the use of fly ash in concrete. The impact relates to air 
entrainment in concrete. AEAs are used to facilitate the incorporation of very small air bubbles 
into the concrete mix. The presence of these air voids provides improved freeze-thaw durability 
of the concrete. For commonly used AEAs, the presence of carbon interferes with the formation 
of the air voids by sorbing the AEA. Early in the development of specifications for fly ash for 
use as a mineral admixture in concrete, an upper limit of 6.0% LOI was set for fly ash in order to 
address this technical issue associated with unburned carbon in fly ash. The potential addition of 
activated carbon is expected to exacerbate the problem associated with carbon in fly ash and its 
use in concrete. Preliminary results, such as those from the Pleasant Prairie tests, indicate that 
the long-standing limit of 6.0% LOI will not be adequate to determine the appropriateness of fly 
ash activated carbon mixtures for use in concrete. Work addressing this issue is under way by 
various academic and industrial groups and includes development of AEAs which will perform 
adequately even with higher carbon content fly ash, admixtures that deactivate the carbon and 
allow successful use of standard AEA, and carbon removal systems. High carbon fly ash is also 
used as a feedstock component for cement clinker production which is a high-temperature 
process. The chemistry of mercury suggests that mercury associated with fly ash (or the carbon 
in fly ash) will be released as vapor. Since there is evidence that noncarbon sorbents sorb 
mercury, research needs to be undertaken to determine the fate of mercury in a cement kiln and 
the associated emission control systems. 
 
 Senior et al. (23) also reported on activated carbon sorbent injection tests at Alabama 
Power’s Gaston Station, which has a hot-side ESP and a COHPAC (compact hybrid particulate 
collector), which provides a second particulate collection after the ESP for polishing purposes. 
This system allows the injection of sorbent after the bulk of the fly ash has been collected and 
separate collection of any remaining fly ash in the flue gas stream along with the mercury-loaded 
sorbent.  
 
 Noncarbon sorbents have been tested for their mercury removal potential, with the intent 
of identifying sorbents that would capture and hold mercury and have a reduced impact on the 
fly ash for potential utilization especially in concrete (24, 25). One fly ash from a western 
subbituminous coal was shown to have a significant mercury sorption capacity after heating to 
remove all carbon (22), and mercury capture was improved by spray cooling to reduce the gas 
temperature to 110°C (230°F).  
 
 Another potential impact to CCBs from mercury control technologies is in the area of 
calcium-based FGD materials. It has been shown in field tests (26–28) that WFGD is successful 
at removing a high percentage of oxidized mercury from the flue gas stream. Elemental mercury 
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is not removed by WFGD, but existing WFGD systems capture approximately 90% of the 
mercury (II) at essentially no cost to the utility. Studies to enhance the capture of mercury in 
WFGD systems, generally by enhancing the oxidized mercury in the flue gas, are under way 
(29–38). Studies are also being performed on removing elemental mercury in WFGD systems as 
well as on increasing the percentage of oxidized mercury that is removed. The use of WFGD 
systems for mercury control has the potential to facilitate multipollutant control and may provide 
some impetus for utilities to consider WFGD systems over other SO2 controls for DOE Phase II 
(39) and new fine-particulate control standards. It has been shown that FGD material generated 
from wet systems can be oxidized to produce gypsum and that mercury present in the WFGD 
material is partitioned into the gypsum, implying that the mercury is not readily leached from the 
gypsum (40). The primary effort in the area of mercury emission control using FGD systems has 
been performed using wet systems, although other types of calcium-based FGD systems also are 
expected to remove oxidized mercury from flue gas at varying efficiency levels. 
 
 
STABILITY OF MERCURY ON CCBs 
 
 As previously noted, data on mercury concentrations in fly ashes are varied. CEA data 
(http://www.ceamercuryprogram.ca/EN/program_overview.html) indicates mercury 
concentrations ranging from <0.002 to 1.221 ppm in fly ash and from 0.001 to 0.342 ppm in 
bottom ash. Hassett et al. (5–7) reported mercury concentrations ranging from <0.01 to 2.41 ppm 
in samples of fly ash from full-scale coal-fired power plants from all ranks of U.S. coal. 
Concentrations of 39 and 70 ppm were reported by DeVito and Rosenhoover (11) and DeVito 
(12) for two FGD materials. The mercury content of FGD material is higher on average than the 
mercury content of fly ash which is consistently higher than the concentrations found in bottom 
ash or boiler slag (10). The mercury concentration of fly ash tends to increase with the carbon 
content of the ash (8–9). Recently, the EERC reported that the mercury content of fly ash and 
FGD collected during tests of mercury control technologies can be significantly increased with 
samples containing a total mercury concentration as high as 120 ppm reported. However, of 
21 samples collected from mercury control demonstrations, only 6 had mercury concentrations 
greater than those noted for samples from systems without mercury control. Those six samples 
had mercury concentrations ranging from 4.7 to 120 ppm. 
 
 Limited data on fly ash–carbon sorbent mixtures (eight total samples) indicate a range of 
0.2–5.5 ppm total mercury content, with only two samples from one location providing data 
indicating mercury content greater than 1 ppm mercury. The limited data do not provide 
adequate evidence that mercury contents of fly ash–carbon sorbent mixtures will be consistently 
higher than fly ash produced without mercury emission controls installed. Senior and Bustard 
(23) reported mercury concentrations in the range of 10–100 ppm in spent sorbent from test runs 
using the COHPAC system. These data points should be considered separately from samples of 
fly ash or FGD material that may be impacted by mercury emission controls.  
 
 The total concentration of mercury on CCBs or sorbents cannot be used as an indicator of 
stability. The stability of mercury on CCBs or sorbents can only be evaluated by subjecting the 
sample to a variety of laboratory tests that expose the material to conditions that simulate those 
in field settings for realistic management options for the material in question.  
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Leaching1 

 
 Various leaching methods are available to evaluate CCBs and other materials for 
environmental performance, but current data on the leachability of mercury from CCBs has been 
generated primarily by use of the TCLP (toxicity characteristic leaching procedure) and the 
SGLP–LTL (synthetic groundwater leaching procedure–long-term leaching). The TCLP, 
frequently applied to CCBs, involves the extraction of contaminants from a 100-g size-reduced 
sample of waste material with an appropriate extraction fluid. A 20:1 liquid-to-solid (L/S) ratio 
(mass/mass, m/m) is employed, and the mixture is rotated for 18 ± 2 hr at 30 rpm using a rotary 
agitation apparatus. The extraction fluid used for the extraction depends on the alkalinity of the 
waste material. Very alkaline waste materials are leached with a fixed amount of acetic acid 
without buffering the system (pH 2.88 ± 0.05), while other waste materials are leached with 
acetic acid buffered at pH 4.93 ± 0.05 with 1-N sodium hydroxide. After rotation, the final pH is 
measured, and the mixture is filtered using a glass fiber filter. The filtrate is collected in an 
appropriate container, and preservative may be added if needed. The filtrate is analyzed for a 
number of constituents. EPA now recognizes that the TCLP is an inappropriate test for use with 
CCBs. The SGLP–LTL is a procedure developed at the EERC. The SGLP–LTL was designed to 
use a synthetic groundwater for the leachate to more closely simulate environmental conditions 
and to include longer-term leaching time frames for reactive CCBs. In many cases, the SGLP–
LTL uses distilled, deionized water because specific site information for the management options 
to be applied to the CCB is unavailable. The complete SGLP–LTL usually includes leaching 
times of 18 hours, 30 days, and 60 days. However, LTL is only necessary for alkaline samples 
(pH >10), because CCB samples with pH values below 10 do not undergo long-term hydration 
reactions that impact leachate characteristics. 
 
 The amount of mercury leached from currently produced CCBs is extremely low and 
generally does not represent an environmental or rerelease hazard. Concentrations of mercury in 
leachates from fly ashes and FGD material using either the TCLP or the SGLP are generally 
below detection limits (0.005 to 0.05 µg/L) (5, 11, 12, 24, 30, 31, 33).  
 
 Mercury leachate concentrations from various types of leaching tests (both batch and 
column) for CCBs resulting from the use of mercury control technologies have been reported. In 
addition to TCLP and SGLP, the synthetic precipitation leaching procedure (SPLP) and synthetic 
acid leaching (SAL) batch tests have been used as short-term methods. LTL, a component of the 
SGLP, has also been performed using 30- and 60-day equilibration periods. 
 

                                                 
1 The authors of the various references have reported data in several different formats. The following concentrations 
are equivalent: ppm (parts per million) = µg/g; ppb (parts per billion) = µg/kg, ng/g, µg/L; and ppt (parts per trillion) 
= pg/g, ng/L. The EERC has used ppm, ppb, and ppt to express concentrations associated with solid materials and 
vapor-phase releases. µg/L and ng/L have been used for concentrations in liquids such as leachate concentrations. 
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 Senior et al. (23, 41) reported that little or no detectable Hg was leached by TCLP or 
SGLP from fly ash samples resulting from powdered activated carbon (PAC) injection 
demonstrations at four coal-fired power plants. As shown in Table 1, baseline fly ash, fly ash + 
sorbent, and COHPAC samples all gave similar leaching results, illustrating very low 
concentrations. 
 
 
Table 1. Leaching Results (leached by the EERC) (23, 41) 
  Hg in, µg/L 
Plant Location 

Injection Rate, 
lb/MMacf TCLP SGLP 

Salem Harbor ESP Row A (control) 0 0.034 <0.01 
Salem Harbor ESP Row A 10 <0.01 <0.01 
Salem Harbor ESP Row A 10 <0.01 <0.01 
Brayton Point New ESP 0 <0.01 0.01 
Brayton Point Old ESP1 0 0.02 0.05 
Brayton Point New ESP 10 0.07 0.03 
Brayton Point Old ESP1 10 0.03 0.01 
Brayton Point New ESP1 20 <0.01 0.01 
Brayton Point Old ESP 20 0.02 0.02 
Gaston COHPAC B-side 1.5 0.01 <0.01 
Gaston COHPAC B-side 1.5 NA2 <0.01 
Gaston COHPAC B-side 1.5 <0.01 <0.01 
Pleasant Prairie ESP hopper composite 10 <0.01 <0.01 
Pleasant Prairie ESP hopper composite 10 <0.01 <0.01 
Pleasant Prairie ESP hopper composite 10 <0.01 NA 
1 Sorbent injected downstream of the old ESP. 
2 Not applicable. 
 
 
 Gustin et al. (42, 43) and Ladwig (44) also reported on the leachability of Hg from the 
Pleasant Prairie and Brayton Point PAC injection tests using SPLP (see Table 2). An increase in 
the Hg leachate concentration was noted between the baseline and PAC injection samples by 
Gustin et al. for the Pleasant Prairie samples, which were all collected from the same ESP. The 
Brayton Point baseline and test samples were collected at different points, so a direct comparison 
cannot be made. 
 
 Fly ash samples from pilot-scale test burns using ACI and the Advanced Hybrid™ filter 
were leached using SGLP and LTL (45). The SGLP and 30-day LTL leachate results were below 
the limit of quantification (i.e., <0.01 ppb); however, the 60-day LTL leachates indicated a small 
release of mercury (Table 3). Pavlish et al. (45) reported that the results indicate that the fabric 
filter and Advanced Hybrid™ filter were more effective in capturing particulate Hg relative to 
the ESP. 
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Table 2. Total Hg Concentrations in Fly Ash and Hg Concentrations  
in SPLP Extracts (adopted from Gustin et al. [43]) 
Sample Total Hg, ppb Leached Hg, ng/L 
S2A-1 (base) 247 0.65 
S2A-1a  0.8 
S2A-1a  0.6 
S2A-1a  0.2 
S2A-2 (ACI) 2300 NDb 
S2A-2a  ND 
S2A-2a  2.9 
S2A-3 (ACI) 1040 3 
S2A-3a  6.9 
S2A-3a  10.7 
B7A-1 (base) 670 2.6 
B7A-1a  2.6 
B7A-2 (ACI) 752 ND 
B7A-2a  ND 
B7A-3 (ACI) 670 ND 

  a Replicated measurements. 
  b Not detected. 
 
 
Table 3. Coal Fly Ash and Leachate (60-day) Mercury Contents (adapted from Pavlish et 
al. [45]) 

Fly Ash (leachate) Mercury, ppm (ppb) 

Coal Activated Carbon 
Injection 
Rate, g/hr ESP FF 

Advanced 
Hybrid™ Filter 

Poplar River NAa NA 0.030 (<0.01) NA NA 
Poplar River Luscar char 40–150 0.218 (0.032) NA NA 
Poplar River Luscar char 10–50 0.011 (<0.01) 8.66 (<0.01) NA 
Poplar River Luscar char 20–120 NA NA 1.15 (<0.01) 
Freedom Fine Luscar char 15–115 0.198 (<0.01) NA NA 
Freedom DARCO FGD 10–40 Not analyzed 17.8 (0.057) NA 
Freedom Luscar char 10–40 0.040 (<0.01) 5.73 (<0.01) NA 
Freedom Luscar char 10–40 NA NA 0.865 (<0.01) 

a Not applicable. 
 
 
 In early work at the EERC, 22 samples from full-scale power plants operating without any 
mercury controls were subjected to SGLP, and all resulting leachate mercury concentrations 
were <0.01 µg/L, with one exception where the leachate concentration was 0.018 µg/L (46). 
More recently, the EERC reported that SGLP leachate concentrations of mercury ranged from 
<0.01 to 0.05 µg/L and TCLP leachate concentrations of mercury ranged from <0.01 to 
0.14 µg/L (47). These data, which included evaluations of fly ash from systems with and without 
mercury controls in place, are shown in Figure 2. EERC researchers concluded from the data 
presented that there was no correlation between total mercury content and leachable mercury. 
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 Results of column leaching performed by Kazonich et al. (48) indicated that mercury 
leached at extremely low levels when subjected to leaching by solutions ranging from acidic to 
alkaline. Results of continuing work at DOE’s National Energy Technology Laboratory (NETL) 
using the column leaching procedure and multiple leaching solutions indicated that release of 
mercury from CCBs by leaching was not related to the total concentration of mercury in the 
sample (49). The NETL data also indicated that higher leachate concentrations were observed 
with the acetic acid leachate; however, NETL concluded that it was unlikely that leachate 
concentrations of mercury would exceed drinking water standards. 
 
 The use of sodium tetrasulfide (Na2S4) injection as a mercury control technology is being 
explored in pilot-scale facilities at Southern Research Institute (50). A bituminous and a 
subbituminous coal were tested and associated ash samples subsequently leached using TCLP. 
Leachate concentrations of mercury are shown in Table 4. An increase in total Hg content in the ash 
was noted for both coals with Na2S4 injection; however, on comparison to leachates from baseline 
ash, an increased mercury leachate concentration was only noted for the bituminous ash while the 
subbituminous ash had a lower mercury leachate concentration. 
 
 The effect of flue gas desulfurization used for Hg control has been reported by Richardson 
(51) and Golden (52). Associated TCLP leaching results for forced oxidation limestone 
processes were all <0.06 µg/L, while the single FGD material from a system using inhibited 
oxidation gave a mercury leachate concentration of 0.34 µg/L. Withum et al. (53, 54) leached a 
variety of Hg control technology CCBs with both TCLP and American Society for Testing and 
Materials (ASTM) D3987 tests. All samples had Hg leachate concentrations of <1.0 µg/L. 
 
 

 
 

Figure 2. Leachate vs. total Hg; nondetects are shown as negative values. 
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Table 4. Mercury and Sulfur in Ash (50) 
Run 
No. 

Coal 
Type Injection Condition 

Na2S4 in Flue 
Gas, ppmv 

Total Hg in 
Ash, ppb 

TCLP Hg, 
µg/L 

6 Bit.a Baseline condition 0 1.28 20.6 
7 Bit.  13.5 1.94 76.8 
8 Bit. Raised flue gas temperature 13.5 1.94 76.8 
9 Bit. Lowered flue gas temperature 13.5 1.94 76.8 
10 Bit. Normal temperature 6.8 NAb NA 
11 Bit. Repeat condition 2 13.5 NA NA 
12 Bit. Inject chlorine through burner 13.5 NA NA 
13 Bit. Half chlorine injection 13.5 2.20 69.9 
14 Bit. Maintain chlorine injection, turn 

off Na2S4 injection 
0 1.84 ± 0.28 70.4 

15 PRB Baseline 0 1.76 65.7 
16 PRB  12.2 1.93 0.342 
17 PRB  6.1 1.93 0.342 
18 PRB Return to baseline 0 1.93 0.342 
19 PRB Residual effect 2.9 1.93 0.342 
20 PRB Start fresh 2.9 NA NA 
21 PRB  6.1 NA NA 
22 PRB Increased air injection temperature 6.1 1.29 30.5 
a Bituminous coal. 
b Not applicable. 
 
 
 Leaching tests on four carbon sorbents were performed using TCLP. Detectable levels of 
mercury in the leachate were observed for only one sorbent (55). These preliminary results 
suggest that mercury is not readily leached from sorbents, which implies that the rerelease of 
mercury from spent sorbents such as those reported by Senior and Bustard (23) may not pose a 
significant management issue relative to leaching. 
 

Vapor Release2 
 
 The release of mercury vapor from CCBs resulting from the use of Hg control technologies 
has been evaluated on a limited basis. Methods of determining the release include measuring the 
Hg in the air, capturing the Hg released over extended time periods, and evaluating the Hg 
content of the CCBs at varying time periods, which generally require very sensitive analytical 
techniques. Hassett and Heebink performed long-term ambient-temperature desorption 
experiments, and results indicated that five of the six CCBs analyzed acted as mercury sinks 
(56). 
 
 Butz and Smith (57) compared the total Hg content of CCBs initially and after 8 months in 
open and closed containers to determine offgassing. The results reported suggest that the Hg 
bound to the ash and/or activated carbon is fairly stable.  

                                                 
2 The authors of the various references have reported data in several formats. The following concentrations are 
equivalent: ppm (parts per million) = µg/g; ppb (parts per billion) = µg/kg, ng/g, µg/L; and ppt (parts per trillion) = 
pg/g, ng/L. 
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 Fly ash volatilization studies performed by Schwalb et al. (54) compared total mercury 
contents of several ash samples as-received and after exposure to elevated temperatures (100° 
and 140°F [37.7° and 60°C]) for 6 months with total mercury concentration measured at 3 and 
6 months. Results are shown in Table 5. 
 
 
   Table 5. Fly Ash Volatilization Results – Hg Concentration, ppm (54) 

3 month 6 month 
Plant ID As-Received 100°F 140°F 100°F 140°F 
3 0.09 ± 0.02 0.09 0.10 0.12 0.17 
6 0.29 ± 0.05 0.34 0.32 0.38 0.34 
6 0.19 ± 0.04 0.22 0.25 0.28 0.24 
6 0.69 ± 0.11 0.72 0.69 0.69 0.69 
4 0.08 ± 0.02 0.11 0.12 0.13 0.12 
4 0.08 ± 0.02 0.09 0.10 0.11 0.13 

 
 
 Gustin et al. (42, 43) and Ladwig (44) evaluated the Hg flux for CCBs. Results indicated 
that both baseline fly ash samples and those with activated carbon exhibited a net deposition of 
Hg on the fly ash. Deposition was greatest on the samples with activated carbon, leading Gustin 
et al. (42) to conclude that it was possible that the higher carbon in the ash facilitated 
atmospheric Hg uptake. 
 
 Gustin et al. (43) also evaluated Hg flux from fresh samples and samples exposed to air for 
9 months in order to determine the potential for reemission of deposited atmospheric Hg from 
ash. Experiments included the addition of water to the samples exposed to air which resulted in a 
difference in the Hg flux noted. Mercury deposited on dry ash, as previously noted, but results 
indicated that mercury was emitted from the wet ash. Gustin et al. (43) reported that the emission 
rate for the wet ash declined over time and returned to deposition. The addition of water to the 
fresh samples resulted in less of a difference in flux, indicating that Hg released after the 
addition of water was deposited atmospheric Hg and that the fresh ash did not have loosely 
bound, readily released Hg. 
 
 Limited information has been reported on the stability of mercury captured on sorbents 
(55). Results of thermal desorption tests indicate that mercury is thermally released from 
sorbents at temperatures considerably below the peak temperatures observed for fly ashes. 
Significant percentages of the mercury captured on the saturated sorbents were released upon 
heating above 135°C (275°F) in nitrogen, carbon dioxide, or flue gas; and 30%–50% of the 
original mercury capture capacity of the sorbent was regenerated after one or two regeneration 
cycles. Ambient release of mercury into a low flow rate of air was determined by collecting 
desorbed mercury on a sorbent. After correcting for blank determinations, essentially no mercury 
was released at ambient temperature (24°C [75°F]) from either of the sorbents tested. These data 
may be valuable in assessing the potential for rerelease of mercury from spent sorbents. 
 



16 

Microbiological Vapor-Phase Release 
 
 EERC researchers have reported on the microbiologically induced release of mercury 
vapor from CCBs (58) under aerobic and anaerobic conditions. Results of these preliminary 
experiments indicated that both elemental and organomercury were released. The experimental 
matrix consisted of eight flasks under aerobic conditions (using breathing-quality air) and eight 
flasks under anaerobic conditions (using argon). In each set of eight flasks, two contained only 
buffer, three contained a slurry of the CCB with buffer, and three contained a slurry of the CCB 
with buffer and glucose. An 80-g aliquot of CCB was placed in the flasks, and 100 mL of a 
phosphate buffer (with or without glucose) was added to create a neutral pH. The CCB-
containing flasks also had 100 µL of mixed bacterial culture added. Vapor traps collected the 
organo- and elemental mercury released from the system, and leachates were collected at the 
conclusion of the 30-day experiment. 
 
 At the 2004 Combined Power Plant Air Pollutant Control Mega Symposium, the EERC 
reported that oganomercury species were detected at very low levels both in the vapor and 
leachate generated from the microbiologically mediated release experiments (58). The EERC 
reported speciation of these organomercury compounds in leachates to be dimethyl and diethyl 
mercury but present at levels <5 ng/L (ppt). 
 
 
INTERPRETATION AND CONCLUSIONS 
 
 The data currently available on CCB mercury content and stability are limited because 
demonstration of mercury control technologies has only recently been initiated. Data on fly ash 
and FGD materials that have been generated at full-scale coal-fired power plants without 
mercury emission controls in place indicate that the concentration of mercury is relatively low 
for most samples, with total mercury concentrations ranging from <0.01 to 2.41 ppm. It has also 
been reported that the mercury content of fly ash and FGD collected during tests of mercury 
control technologies can be significantly increased with samples with a total mercury 
concentration as high as 120 ppm reported; however, of 21 samples collected from mercury 
control demonstrations, only six had mercury concentrations greater than those noted for 
samples from systems without mercury control. These data represent a very limited number of 
samples, types of mercury control, and combustion systems, but in 2004–2006, several tests of 
mercury emission control technologies at full-scale facilities will be performed, and a concerted 
effort is planned by DOE to fully evaluate the stability of mercury associated with the CCBs 
produced from these tests. 
 
 Carbon sorbents are expected to be used in many systems as part of the mercury control 
technologies, so it is important to note that normal activated carbon sorbents are not expected to 
perform differently than unburned carbon associated with fly ash, and samples of fly ash with 
unburned carbon have shown similar performance in evaluations of mercury stability. The 
stability of the mercury associated with these materials is similar to that of materials generated 
without mercury emission controls. Work on release of Hg from modified activated carbon 
sorbents is ongoing, and results are not available to assess the Hg behavior associated with these 
sorbents.  
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 Existing data indicate that the stability of mercury on fly ash and FGD material is similar 
for samples collected at sites without mercury controls and during tests of mercury control 
technologies. Data assembled and summarized in this document indicate that mercury associated 
with CCBs is environmentally stable under most management conditions, including utilization 
and disposal. The exception to this is exposure to high temperatures such as those that may be 
achieved in cement production.  
 
 Evaluations of CCBs that are collected from full-scale demonstration of mercury control 
are needed to confirm the data available in the literature. The data do not sufficiently represent 
all of the variables that may be associated with CCBs generated when mercury controls are in 
place. Existing data indicate that present CCB management options are expected to be 
environmentally sound for CCBs from systems with mercury control technologies installed, but 
information that should become available in the next few years is expected to allow conclusions 
to be drawn from a broader and more representative sample set. 
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UPCOMING EVENTS 
 
By-Product Beneficial Use Summit 
November 8, 2004, Kansas City, Missouri 
http://www.byproductsummit.com/papers.html 
 
Coal Combustion Products Partnership Workshop 
November 16, 2004, Atlanta, Georgia, contact William Aljoe (412) 386-6569 
http://fossil.energy.gov/news/events/ 
 
POWER-GEN International 
November 30–December 2, 2004, Orlando, Florida 
http://pgi04.events.pennnet.com 
 
229th ACS National Meeting 
March 13–17, 2005, San Diego, California 
http://oasys.acs.org/acs/229nm/topics.html 
 
World of Coal Ash  
April 11–15, 2005, Lexington, Kentucky 
http://www.acaa-usa.org/ASP/EventCalendar.ASP?YEAR=2005 
 
30th International Conference on Coal Utilization & Fuel Systems (formerly Clearwater Coal 
Conference) 
April 17–21, 2005, Clearwater, Florida 
http://www.coaltechnologies.com 
 
International Conference on Clean Coal Technologies for Our Future 
May 10–12 2005, Sardinia, Italy, contact Rodney Anderson (304) 285-4709 
http://fossil.energy.gov/news/events/ 
 
A&WMA 98th Annual Conference and Exhibition 
June 21–24, 2005, Minneapolis, Minnesota 
http://www.awma.org 
 
230th ACS National Meeting 
August 28–September 1, 2005, Washington, D.C. 
http://oasys.acs.org/acs/230nm/topics.html 
 
Air Quality V: Mercury, Trace Elements, and Particulate Matter Conference 
September 18–21, 2005, Washington, D.C. 
http://www.undeerc.org 
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CONTACT INFORMATION 
 
For more information, please contact: 
 
 Michael Holmes 
 Senior Research Advisor 
 Energy & Environmental Research Center 
 PO Box 9018 
 Grand Forks, ND 58202-9018 
 mholmes@undeerc.org 
 (701) 777-5276 
 
 John Pavlish 
 Senior Research Advisor 
 Energy & Environmental Research Center 
 PO Box 9018 
 Grand Forks, ND 58202-9018 
 jpavlish@undeerc.org 
 (701) 777-5268 
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